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(54) Low voltage dual-well MOS device 

(57) * A low-voltage MOS device (100) having high 
ruggedness, low on-resistance, and body diode reverse 
recovery characteristics comprises a semiconductor 
substrate (101) on which is disposed a doped upper lay- 
er (102) of a first conduction type. The upper layer in- 
cludes at its upper surface a blanket implant of the first 
conduction type, a heavily doped source region (113) of 
the first conduction type, and a heavily doped body re- 
gion (112) of a second and opposite conduction type. 
The upper layer further includes a doped first well region 



(108) of the first conduction type and a doped well region 

(109) of the second conduction type underlying the 
source and body regions. The first well region (108) un- 
derlies the second well region (109) and merges with 
the blanket implant to form a heavily doped neck region 
that abuts the second well region at the upper surface 
of the upper layer. A gate comprising a conductive ma- 
terial separated from the upper layer by an insulating 
layer is disposed on the upper layer overlying the heavily 
doped neck region. 
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Description 

[0001] The present invention relates to MOS devices and, more particularly, to a low voltage dual-well MOS device 
that is rugged and reliable, exhibits low on-resistance, and exhibits improved body diode reverse recovery character- 
5 istics. 

[0002] The Specification of US. Patent Nos. 4,975,751 and 5,091,336, describe high voltage component devices 
with low series resistance. However the recent-proliferation of battery-powered, portable communication electronics 
has increased the need for low voltage, low on-resistance power MOSFETs for efficient power management. Further- 
more, because such devices are frequently used in applications that involve inductive loads, it is desirable that they 

10 have high UIS (Undamped Inductive Switching) capability. This is an extremely high stress process, during which the 
amount of avalanche energy absorbed by the device is expected to be as high as possible without resulting in cata- 
strophic device failure. This capability is generally referred to as the device ruggedness. In addition, some applications 
such as synchronous rectifiers require that the body diode of a power MOSFET have a low reverse recovery charge. 
[0003] Unfortunately, there is a conflict among device breakdown rating, on- resistance, improved UIS capability, 

15 and desirable body diode characteristics. There is a need for MOS devices that exhibit an optimum combination of 
these characteristics. 

[0004] The present invention includes a low-voltage MOS device having high ruggedness, low on-resistance, and 
improved body diode reverse recovery characteristics, said device comprising a semiconductor substrate, a doped 
upper layer of a first conduction type disposed on said substrate, said upper layer comprising a blanket implant of said 

20 first conduction type, a heavily doped source region of said first conduction type, and a heavily doped body region of 
a second and opposite conduction type disposed at an upper surface of said upper layer, said upper layer characterized 
in that a doped first well region of said first conduction type and a doped second well region of a second conduction 
type underlying said source and body regions, said first well region underlying said second well region and merging 
with said blanket implant, so as to forming a highly doped neck region abutting said second well region at said upper 

25 surface of said upper layer, and a gate overlying said highly doped neck region, said gate comprising a conductive 
material separated from said upper layer by an insulating layer, in which said doped upper layer comprises an epitaxial 
layer, and said first conduction type is N and said second conduction type is P. 

[0005] Advantageously, characterized in that the present invention is directed to a low-voltage MOS device having 
high ruggedness, low on-resistance, and body diode reverse recovery characteristics, and comprising a semiconductor 

30 substrate on which is disposed a doped upper layer of a first conduction type. The upper layer includes at its upper 
surface a blanket implant of the first conduction type, a heavily doped source region of the first conduction type, and 
a heavily doped body region of a second and opposite conduction type. The upper layer includes a doped first well 
region of the first conduction type and a doped well region of the second conduction type underlying the source and 
body regions. The first well region underlies the second well region and merges with the blanket implant to form a more 

35 highly doped neck region that abuts the second well region at the upper surface of the upper layer. A gate comprising 
a conductive material separated from the upper layer by an insulating layer is disposed on the upper layer overlying 
the heavily doped neck region. 

[0006] The invention also includes a process for forming low-voltage MOS device having high ruggedness, low on- 
resistance, body diode reverse recovery characteristics, said process comprising, providing a semiconductor substrate 

40 comprising a doped upper layer of a first conduction type, said upper layer having an upper surface, characterized by 
implanting a blanket dopant of said first conduction type in the upper layer, so as to form a blanket doped region in 
said upper layer, forming a gate on said substrate overlying said blanket doped region, said gate comprising a con- 
ductive material separated from said upper layer by an insulating layer, implanting dopants of said first and a second 
and opposite conduction types through a common window into said upper surface of said upper layer, thereby forming, 

45 respectively, a doped first well region of said first conduction type and a doped second well region of said second 
conduction type, said first well region underlying said second well region and merging with said blanket doped region, 
thereby forming a heavily doped neck region underlying said gate and abutting said second well region at said upper 
surface of said upper layer, and forming a heavily doped source region of said first conduction type and a heavily doped 
body region of said second conduction type in said second well region at said upper surface of said layer. 

so [0007] Conveniently, a process for forming an improved low-voltage MOS device having high ruggedness, low on- 
resistance, body diod reverse recovery characteristics. The process comprises providing a semiconductor substrate 
that includes a doped upper layer of a first conduction type, and implanting a blanket dopant of the first conduction 
type in an upper surface of the upper layer. A gate comprising a conductive material and an insulating layer is formed 
on the upper layer of the substrate, and a doped first well region of the first conduction type and a doped second well 

55 region of a second and opposite conduction type are formed by implanting dopants of first and second conduction 
types through a common window into the upper surface of the upper layer. The first well region underlies the second 
well region and merges with the blanket implant, forming a more highly doped neck region that abuts the second well 
region at the upper surface of the upper layer underlying the gate. A heavily doped source region of the first conduction 
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type and a heavily doped body region of the second conduction type are formed in the second well region at the upper 
surface of the upper layer. 

[0008] The invention will now be described by way of example, with reference to the accompanying drawings in which: 
[0009] FIG. 1 is a schematic cross-section of a dual-well device. 
5 [0010] FIGS. 2A-C illustrate the process for forming a device. 

[0011] FIG. 3 is an illustration of the simulated leakage current for a vertical doubly diffused MOS transistor (VD- 
MOST) of the prior art. 

[001 2] FIG. 4 is an illustration of the simulated leakage current for a prior art VDMOST having a blanket implant. 
[0013] FIGS. 5 and 6 depict the simulated leakage current for two embodiments of dual-well devices. 
10 [0014] FIG. 7 illustrates the current flowlines during forward conduction of the body diode in a prior art device. 
[0015] FIG. 8 illustrates the current flowlines during forward conduction of the body diode in a dual-well device. 
[0016] FIG. 9 is the measured plot of reverse recovery current versus time for a prior art device compared with a 
dual-well device. 

[0017] A low voltage MOS device 100, schematically depicted in FIG. 1, is formed by the process represented by 
15 FiGS. 2A-C. As shown in FIG. 2A, a semiconductor substrate 101 such as monocrystalline silicon having a lightly 
doped upper layer 102, which can be an epitaxial layer, is blanket implanted with an N-dopant 103. On the upper 
surface 104 of layer 102 is formed a gate 105 comprising an insulating layer 106, which can be silicon dioxide, and a 
conductive layer 107, highly doped polysilicon. 

[001 8] As shown in FIG. 2B, first N-well 1 08 and then P-well 1 09 are formed by dopant implantation through common 
20 window 110. N-well 108, which is deeper than P-well 109, merges with previously implanted blanket dopant 103, re- 
sulting in a more highly doped N-neck region 111 in layer 102 under gate 105. 

[0019] As depicted in FIG. 2C, heavily doped P+ body and N+ source regions 112 and 113, respectively, are implanted 
in P-well 1 09. It is to be recognized that the conduction types of the blanket, well, body, source, and substrate dopants 
can each be reversed, N for P and P for N. Deposition of a source metal contact 114 and an interlevel dielectric layer 

25 115 completes the formation of device 1 00. 

[0020] In an illustrative procedure for fabricating a power MOSFET of the present invention, a blanket implant using 
phosphorus at a dosage of about 1x10 12 cnr 2 to about 5x10 13 cm" 2 at about 60 KeV to about 600 KeV is made in the 
substrate. A gate is formed on the substrate over the blanket implant, and first an N-well dopant and then a P-well 
dopant are implanted and driven into the substrate through the same window. The N-well and P-well are thus completely 

30 self- aligned. Phosphorus is employed as the dopant for the N-well, using a dosage of about 1x10 13 cm- 2 to about 
5x1 0 14 cm* 2 implanted at about 40KeV to about 120 KeV, followed by a 90-minute drive at a temperature of about 
1100°C. Boron is used as the P-well dopant at a dosage of about 2x10 13 cm' 2 to about 8x10 14 crrr 2 . The combination 
of the N-well and blanket implants results in a more highly doped neck region. 

[0021] In a low-voltage/ high power MOSFET, where the substrate resistance is predetermined by the silicon wafer, 

35 the on- resistance of the channel, highly doped neck, and substrate contribute the most to total device specific on- 
resistance. Thus, in designing a MOSFET, particular attention is paid to minimizing the resistance of the neck region 
and channel. The neck resistance can be decreased by using a high dose blanket implant and a wider neck. This 
approach would, however, lead to lower breakdown voltage and location of the breakdown close to the silicon- oxide 
interface, resulting in poor reliability and low UIS capability. Eliminating the blanket implant from the process of forming 

40 a low- voltage (< 30V) DMOS device would increase the minimum on resistance that the device can achieve. 

[0022] FIG. 3 depicts the avalanche leakage current of a prior art power MOSFET, designated C-1 in TABLE 1 , using 
the best practice of the trade-off between device on-resistance and UIS capability. The simulated leakage current of 
a prior art power MOSFET that includes a phosphorus blanket implant, C-2 in TABLE 1 , shows the breakdown location 
shifting to the Si/Si0 2 interface, as depicted in FIG. 4, which suggests that this device would have low UIS capability 

45 and poor reliability. Because the avalanche current of the device flows laterally through the P-well beneath the N+ 
source, an ohmic voltage drop is created across the lateral resistance of the P-well in addition to the contact resistance 
. • between the metal and the P-well. If this developed voltage approaches the built-in potential of the N+ source/P-well 
junction, the parasitic bipolar junction transistor (BJT) is turned on, which generally results in device failure. This mal- 
function is commonly referred to as UIS failure. From FIG. 4 it can be seen that, if the breakdown location moves to 

50 the Si/Si0 2 interface, the path of the avalanche current flow becomes longer, and the cross-sectional area of the flow 
path becomes smaller as compared with that shown in FIG. 3. AS a consequence, the ohmic voltage drop caused by 
the lateral current inside the P-well is higher during avalanche breakdown, and the parasitic BJT is turned on at lower 
avalanche current, resulting in lower UIS capability. In addition, the shift of the breakdown to the Si/Si0 2 interface 
increases the electric field at the interface, thereby reducing the device breakdown voltage. It also causes an accu- 

55 mulation of holes at the interface after initiation of the avalanche breakdown. Either of these effects is damaging to 
device reliability, 

[0023] The location of breakdown of a device 100 of the present invention can be moved towards the middle flat 
portion of P-well 109 by a suitable choice of the dose and implant energy of N-weil 108. The 1-D dopant distribution 
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of N-well 1 08 under the flat portion of P-well 1 09 and the 2-D (stripe- type layout) or 3-D ( hex- type layout) distribution 
of the N-well dopant at the curved portion of the N-well/ P-well junction results in higher charge density in the flat portion 
of N-well 108 than in its curved portion near neck region 111. As a result, the device breakdown occurs at the flat 
portion, as shown in FIG. 5, which represents the computer simulated leakage current for a dual-well device of the 
present invention, designated I-4 in TABLE 1. 

[0024] As shown in FIG. 4, a blanket implant in combination with the neck resistance of a prior art power MOSFET 
tends to move the device breakdown location upwards. This effect is counteracted by a tendency toward downward 
movement promoted by inclusion of an N-well, which enables further optimization. This is illustrated by the computer 
simulation results shown in FIG. 6 for a device of the invention, I-5 in TABLE 1, which has a a higher dose blanket 
implant than device i-4. A comparison of FIGS 6 and 3 show that the breakdown location is almost identical for devices 
of the invention I-5 and prior art device C-1 , which includes no blanket implant. 

[0025] Another effect of introducing the N-well is an increase in forward current spreading angle and efficiency be- 
cause of the lower resistive path conforming to the N-well/P-well junction. As a result, the dual N-well/P-well combination 
can produce substantially lowered on- resistance without degrading device ruggedness and reliability. 
[0026] A detailed comparison of devices of the prior art and of the present invention is provided in TABLE 1 , which 
includes entries for blanket and well implant, threshold voltage (V th ), short channel effect (SCE), breakdown voltage 
(V br ), and specific on-resistance (R^) values and improvement as well as UIS capability. As shown in TABLE 1, the 
breakdown voltage of device C-1 is 31.88V, and its specific on- resistance is 1.26 mQ.cm 2 at a gate voltage of 4.5V, 
For device C-2, which includes a blanket implant, the breakdown voltage of prior art device C-2 is 29.85V, and its 
specific on- resistance at 4-5V gate bias is 1 .02 mOcm 2 . A comparison of the results from devices C-1 and C-2 shows 
that only about a 20% reduction in on- resistance is achieved at a sacrifice of device reliability and ruggedness. 
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[0027] As shown in TABLE 1 , a simulation for device I -5 of the present invention yields a specific on-resistance of 
0.71 mQ.cm 2 at 4.5 V gate bias, which, compared with a corresponding value of 1.26 mQ.cm 2 for prior art device C- 
■ 1, represents an improvement in specific on-resistance of almost 44%. Furthermore, during the forward conduction 
(third quadrant operation) of the device body diode formed by the P-well and the N-epitaxial layer, the N-well also 

5 reduces the hole injection from the P-well into the N-epitaxiai layer and increases the electron injection from the N- 
well into the P-well. As a consequence, the function of the parasitic BJT, which is formed by the NTsource, the P-well; 
and the N-well/N-epitaxiai layer junction is enhanced. This is verified by the computer simulation results in FIGS. 7 
and 8, which depict the forward conduction flowlines, at a source-drain current of 10 amps, for devices C-1 and I-5 of, 
respectively, the prior art and the present invention. For prior art device C-1 , FIG. 7 shows that 88% of the total current 

10 is collected by the N+ source, leaving 12% to flow through the body contact. By comparison, for the dual-well device 
I-5 of the present invention, FIG. 8 shows that 96% of the tota! current is collected by the N+ source, leaving 4% to 
flow through the body contact The enhancement of the parasitic BJT operation increases the electron diffusion current 
in the P-well and reduces the stored minority charges in the N-epitaxiai layer and the P-well. In addition, the lowered 
reverse recovery charge of the body diode of the dual-well device of the present invention is accompanied by a slight 

is decrease in the forward voltage drop of the body diode, which is demonstrated by the reveYse recovery characteristics 
measurement shown in FIG. 9 for devices C-1 and (-5. 

[0028] The other devices of the present invention, 1-1, I-2, I-3, I-4, and I-6, in which the blanket and N-well doping 
conditions are varied as shown in TABLE 1 , also show improvements in specific on-resistance similar to that observed 
for device I-5. 

20 [0029] The present invention thus provides a low voltage DMOS device whose specific on-resistance can be greatly 
lowered and whose body diode reverse recovery characteristics to be improved even while allowing its ruggedness 
and reliability to be maintained. 

[0030] A low-voltage MOS device having high ruggedness, low on-resistance, and improved bodydtode reverse 
recovery characteristics comprises a semiconductor substrate on which is disposed a doped upper layer of a first 

25 conduction type. The upper layer includes at its upper surface a blanket implant of the first conduction type, a heavily 
doped source region of the first conduction type, and a heavily doped body region of a second and opposite conduction 
type. The upper layer further includes a doped first well region of the first conduction type and a doped well region of 
the second conduction type underlying the source and body regions. The first well region underlies the second well 
region and merges with the blanket implant to form a heavily doped neck region that abuts the second well region at 

30 the upper surface of the upper layer. A gate comprising a conductive material separated from the upper layer by an 
insulating layer is disposed on the upper layer overlying the heavily doped neck region. A process for forming a low- 
voltage MOS device having high ruggedness, low on-resistance, a body diode reverse recovery characteristics com- 
prises providing a semiconductor substrate that includes a doped upper layer of a first conduction type, and implanting 
a blanket dopant of the first conduction type in an upper surface of the upper layer. A gate comprising a conductive 

35 material and an insulating layer is formed on the upper layer of the substrate, and a doped first well region of the first 
conduction type and a doped second well region of a second and opposite conduction type are formed by implanting 
dopants of first and second conduction types through a common window into the upper surface of the upper layer. 



40 Claims 

1 . A low-voltage MOS device having high ruggedness, low on-resistance, and improved body diode reverse recovery 
characteristics, said device comprising a semiconductor substrate, a doped upper layer of a first conduction type 
disposed on said substrate, said upper layer comprising a blanketimplant of said first conduction type, a heavily 

45 doped source region of said first conduction type, and a heavily doped body region of a second and opposite 

conduction type disposed at an upper surface of said upper layer, said upper layer characterized in that a doped 
first well region of said first conduction type and a doped second well region of a second conduction type underlying 
said source and body regions, said first well region underlying said second well region and merging with said 
blanket implant, so as to forming a highly doped neck region abutting said second well region at said upper surface 

50 of said upper layer, and a gate overlying said highly doped neck region, said gate comprising a conductive material 

separated from said upper layer by an insulating layer, in which said doped upper layer comprises an epitaxial 
layer, and said first conduction type is N and said second conduction type is P. 



2. A MOS device as claimed in claim 1 characterized in that said substrate comprises monocrystalline silicon and 
55 said insulating layer comprises silicon dioxide, and said conductive material included in said gate comprises highly 

doped polysilicon. 

3. A MOS device as claimed in claim 1 characterized in that a source metal contact and an interlevel dielectric layer. 
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4. A process for forming low-voltage MOS device having high ruggedness, iow on-resistance, body diode reverse 
recovery characteristics, said process comprising, providing a semiconductor substrate comprising a doped upper 
layer of a first conduction type, said upper layer having an upper surface, characterized by implanting a blanket 
dopant of said first conduction type in the upper layer, so as to form a blanket doped region in said upper layer, 

5 forming a gate on said substrate overlying said blanket doped region, said gate comprising a conductive materia! 

separated from said upper layer by an insulating layer, implanting dopants of said first and a second and opposite 
conduction types through a common window into said upper surface of said upper layer, thereby forming, respec- 
tively, a doped first well region of said first conduction type and a doped second weli region of said second con- 
duction type, said first well region underlying said second well region and merging with said blanket doped region, 

10 so as to form a heavily doped neck region underlying said gate and abutting said second well region at said upper 

surface of said upper layer, and forming a heavily doped source region of said first conduction type and a heavily 
doped body region of said second conduction type in said second weli region at said upper surface of said layer. 

5. A process as claimed in claim 4 characterized by forming an epitaxial layer on said substrate to provide said doped 
15 upper layer, and forming a metal contact to said source region and an interlevel dielectric layer overlying said gate. 

6. A process as claimed in claim 4 characterized by forming said first well region precedes forming said second well 
region, forming said body region precedes forming said source region, in which said first conduction type is N and 
said second conduction type is P. 

20 

7. A process as claimed in claim 4 characterized by said dopant of said first conduction type is phosphorus and said 
dopant of said second conduction type is boron. 

8. A process as claimed in claim 7 characterized by the blanket dopant is implanted at about 1x10 12 cm -2 to about 
25 5x10 13 cnr 2 at about 60 KeV to about 600 KeV. 

9. A process as claimed in claim 8 characterized by the first well dopant is implanted at about 1x10 13 cnrr 2 to about 
5x1 0 14 cm* 2 at about 140 KeV to about 180 KeV, and the second well dopant implanted at about 2x1 0 13 cm* 2 to 
about 8x1 0 14 cm* 2 at about 40 KeV to about 120 KeV. 

30 

10. A process as claimed in claim 7 characterized by the blanket dopant implanted at about 1x1 0 12 cm -2 to about 
2x1 0 12 cm" 2 at about 120 KeV, the first well dopant is implanted at about 6x10 12 cnrr 2 to about 1x10 13 cnrr 2 at 
about 60 KeV, and the second well dopant is implanted at about 8x1 0 15 cm- 2 at about 60 KeV. 

35 
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